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Introduction 


The Information Sciences and Human Factors (IS&HF) Division is one of five 
divisions that comprise NASA’s Office of Aeronautics and Exploration 
Technology (OAET). This division sponsors research in both aeronautical and 
space technology, and Annual Report documents the most significant 
accomplishments during the past year. Each year, the Annual Report is 
prepared to serve as the primary mechanism for coordinating NASA activities 
with industry and industrial IR&D managers. This document also is intended 
to communicate significant technical accomplishments to NASA 
technologists, project engineers, other government agencies, and academia. 

The IS&HF Program consists of seven major elements: Automation and 

Robotics, Computer Sciences, Communications, Controls and Guidance, Data 
Systems, Human Factors, and Sensor Technology. Accomplishments are 
presented in all seven categories with Controls and Guidance and Human 
Factors research represented in two sections. Space and Aeronautics. 

The NASA Pathfinder Program was initiated in FY 1988 with the goal of 
providing a strong technology foundation for the nation's future space 
missions. The IS&HF Division has focused Pathfinder technology activities 
in Planetary Rover Technology, Human Factors/EVA suit, Automated 
Rendezvous and Docking, and Adaptive Hazard Avoidance Landing. In FY 
1991, it is anticipated that more focused activities in Space Exploration 
technologies will be initiated. 

Within the Base Aeronautics Human Factors Program, focused efforts in 
Aviation Safety/Automation were initiated in fiscal year 1989. The objectives of 
this program include the development of human-centered automation 
concepts for use in future transport aircraft and air traffic control (ATC) 
stations. The integration of highly automated aircraft into the future ATC 
system also will be addressed in this program augmentation. Beginning in 
FY 1990, the Airborne Wind Shear Detection and Avoidance research efforts 
were augmented to allow flight evaluation of Doppler radar, lidar, and 
infrared sensors. 

To aid in communicating program efforts, the names and phone numbers of 
Headquarters program managers are included in this report along with the 
names and phone numbers of the key center technologists who conducted or 
managed the significant activities. 

Division Director: Lee Holcomb 

(202)453-2747 

Deputry Director: Ray Hood 

(202)453-2745 
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Automation and Robotics 


OAST created the Civil Space Technology Initiative (CSTI) to improve NASA space 
technology. Of particular concern has been the cost of NASA ground and flight 
operations, such that the CSTI program has focused significant resources on 
development and demonstration of automation and robotics technologies for space 
applications. Artificial intelligence and telerobotics, when applied to the space 
environment, have the capability to improve productivity and enhance safety 
significantly, as well as reduce the cost of NASA operations. 

The Automation and Robotics Program is divided into two areas, with the Telerobotics 
Program focusing on automation for in-space servicing, assembly, and repair. 
Applications demonstrations are planned at NASA mission centers for the transfer of 
the technology into the operations environment. Underlying the demonstrations are 
five research areas that will develop expertise in robotics, supervisory control, 
advanced teleoperation, and launch processing systems. Coordination with DARPA's 
Automation and Robotics Program is achieved since NASA acts as a DARPA agent. 

The Telerobotics Program has achieved major technology demonstrations through 
three significant activities: the automated assembly of a planar truss space structure, 
human/telerobot cooperative operations during repair of the Hubble Space Telescope 
in a neutral-bouyancy simulation, and completion of components of the Solar Max 
Repair mission using advanced teleoperations instead of astronaut EVA activities. 
The Artificial Intelligence Program has developed an operational readiness prototype 
expert system for monitoring the Shuttle communications systems and initial 
integration of the EXODUS system for diagnostics and control of the Shuttle 
Environmental Control System. Also, we developed an expert system for aiding in the 
evaluation of the communications systems for unmanned planetary spacecraft, 
which was first operationally used during the Voyager encounter with Neptune. 

Major research goals were accomplished in the areas of telerobotics operator 
interface and data analysis techniques. In the operator interface element, higher - 
performance force reflecting hand controllers and triggers were tested for 
teleoperation. In the AI data analysis techniques element, a collaborative effort with 
DARPA began on research of intelligent communicating agents, while the Autoclass 
probabilistic reasoning system produced striking new classes of spectral objects when 
applied to Infrared Astronomical Satellite data. 

In addition to the CSTI technologies, OAET has been reviewing the technology 
requirements for future planetary and lunar missions and has packaged these into 
the initiative called the Exploration Technology Program. In the area of exploration, a 
significant amount of automation and robotics research will be focused on the 
development of a planetary rover that would act in the place of humans in the 
scientific discovery efforts of the Moon and Mars, semi-autonomously, with only 
occasional communication and direction from Earth. This is a challenging problem 
in that the rover will effectively be a mobile laboratory with its own instrumentation, 
tools, and intelligence for self-navigation and rock sample acquisition and analysis. 
This development effort is a requirement unique to NASA and builds on the in-house 
expertise in automation and robotics that has resulted from the CSTI program. 

Program Manager: Melvin Montemerlo 

NASA/OAET/RC 

Washington, DC 20546 

(202)253-2744 1 
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The goal of our efforts in both repair-based search algo- 
rithms and machine learning is the quick production of 
better quality schedules. A repair- based scheduling al- 
gorithm is given a rough schedule and then uses heuristics 
to iteratively improve the weakest portions of the sched- 
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This system will increase the productivity of astronauts 
performing scientific experiments by enabling them to 
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The design of a complete three-dimensional cooperating 
arms mobile robot has been completed, and construction of 
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to increasing operational complexity, more use will be 
made of knowledge-based system components. These will 
be configured and executed in a framework specifically 
designed to facilitate both coordination and cooperation in 
supporting operations, and high-level interfaces/interac- 



Distributed Knowledge Base Management System 
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systemwide status monitoring afforded by SHARP helps the process for big improvements in station performance, 

operators assure correct system configuration and reduces 

commanding or configuration errors. The level of auto- Technical Contact: 

mation delivered by SHARP promises to reduce the real- David J. Atkinson, JPL, (818) 354-2555 

time link analysis operations staff by a factor of five, with 



SHARP - Voyager 
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display of robot arm joint variables. The motion of the 
robot system’s graphics image is controlled from one or two 
6- DOF force reflecting hand controllers in real time. Sev- 
eral tasks have been tested on this preview display (see 



High-Fidelity Computer Graphics Phantom Robot 
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generator. Over 25,000 lines of new application software 
were developed and integrated on Robby to provide SAN 



Planetary Rover 
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Remote Manipulator System — Force Torque Sensor (RMS-FTS) 
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Remote Manipulator System — Force Torque Sensor 
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Traded Control 



Shared Control 


LOCAL SITE 
OPERATOR INTERACTION 
VISUAL AND INTERACTIVE 

KINESTHETIC OPERATOR 

FEEDBACK, INTERFACE, 

TELEOPERATION SUPERVISORY 
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Remote Umbilical Development Program 
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Tracking and the Remote Umbilical Mechanism. The 
control system consists of two basic loops: vision tracking 
and process control. The vision tracking loop has a charged 
coupled camera connected to a DATAcube tm vision sub- 
system. Target coordinate data are transferred from the 



Remote Umbilical System and Seed Planting Robot 
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structure with an automated system will identify practical 
problems and constraints associated with planned in- 
space construction. The assembly techniques and method- 
ology as well as the software tools and techniques will be 



Automated Structural Assembly Laboratory 
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Dual-Arm Redundant Telerobotic System 
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will be correlated with optimal trajectory data generated 
from analytical simulators. Enhancements are under way 
to replace the original spherical bearings and stand of the 
original taskboard. The planned configuration of a set of 
generic test tasks is under consideration for review by 



Robotic Calibrated Taskboard 
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Communications 


The objective of the Communications Technology Program is to enable data 
transmission to and from low-Earth orbit, geostationary orbit, and solar and deep 
space missions. This can be achieved by maintaining an effective, balanced effort in 
basic, applied, and demonstration prototype communications technology through 
work in theory, experimentation, and components. 

The program consists of three major research and development discipline areas: (1) 
microwave and millimeter wave tube component research and development; (2) solid- 
state monolithic integrated circuit research and development; and (3) free space laser 
communications component and device research and development. The research 
ranges from basic research in surface physics (to study the mechanisms of surface 
degradation under high temperature and voltage operating conditions, which 
impacts cathode tube reliability and lifetime) to generic research on the dynamics of 
electron beams and circuits (for exploitation in various micrometer and millimeter 
wave tube devices). Work is also performed on advanced III-V semiconductor 
materials and devices for use in monolithic integrated analog circuits (used in 
adaptive, programmable phased arrays for microwave antenna feeds and receivers), 
on the use of electromagnetic theory in antennas, and on developing technology 
necessary for eventual employment of lasers for free space communications for future 
low-Earth, geostationary, and deep space missions requiring high data rates with 
corresponding directivity and reliability. 

Program Manager: Ramon P. De Paula 

NASA/OAET/RC 
Washington, DC 20546 
(202)453-2748 
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SCOPE (Small Communications Optical Package Experiment) Breadboard 
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SCOPE (Small Communications Optical Package Experiment) 

Breadboard 
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Schematic of a laser design capable of 0.25 W average 
output power at 25 kHz repetition-rate is shown. The 
output of two 1-W diode laser arrays are summed and 
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INPUT POWER PULSE REPETITION FREQUENCY (Hz) 

CW OUTPUT VS INPUT POWER PEAK POWER VS PRF FOR SEVERAL DIFFERENT 

INTRACAVITY LOSSES 







Configuration Definition Study of Large Deployable Geostationary Antenna Concepts 
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The conceptual design phase has resulted in the initiation 
of several activities. First, a science benefit study is being 
conducted by a panel of remote sensing experts to define 
the uses for a 25-28 m geostationary radiometer (5-50 
GHz). Second, a study has been initiated with Research 
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LDA Configuration 



Radiometer/Antenna Design Goals 


Parameters 
Frequency range 


Requirement and/or 
Specification 

5-50GHZ 


Main reflector size 40m 

Subreflector size 0.5-0.6 x main reflector size 


F/D 


1. 5-2.5 


RMS surface accuracy 0.1 mm 
(main & subreflector 


Portion of full disk to scan 
Model -full disk 
Mode 2 - limited scan 
Mode 3 -stare 

Beam efficiency 

Revisit requirements 

Thermal dffferential 


±7.5° 

±2.4° 

dwell on small region(s) 
>90% 

1 -3 hrs. 

100 s 


Deployable Truss Reflector Concept 
(Pactruss Design) 



Facet Concept 
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roughness, and the computer/actuator system adjusts the 
surface to the new positions. The cycle is repeated if 
necessary. 
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60 GHz TWT for Intersatellite Links 
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Barium Dispenser Scandate Cathodes 
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A thin replica of the barium dispenser scandate cathode 
electron-emitting surface has now been successfully syn- 
thesized on a tungsten foil substrate. The process used in 
the deposition of the film is depicted in the figure on the 



Thin Film Scandate Cathode 
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with a constant helix pitch. The accompanying figure 
presents the power transfer function advantage of the use 
of the DVT helix over a uniform-pitch helix TWT design, 
providing sharply higher RF output power over the entire 
range of exciter (input drive) power shown. The design of 



High-Efficiency TWT Technology For Deep Space 
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Exciter Power, 


c 

o 

<n 

>» 

> 


>* 

o 

c 

0 ) 

<5 

£ 

UJ 

jC 

o> 



<N 

co 

i 

CO 

CO 

y—s 

CD 

rH 

C<l 


O 

cd 

+-> 

G 

o 

O 

13 

o 

'3 

J 3 

£ 

H 


a 

3 

cn 

a 

• rH 

a 

£ 



48 



UHF Television Klystron with MDC 
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Scandate Oxide-Coated Cathodes 
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The only work on this type of cathode being done in the 
United States is that supported by NASA. Pulse tests 
(0.1% duty cycle at a peak current density of 6 A/cm 2 ) 
confirm the capability of superior performance. Compared 
to cathodes with standard coatings, the Sc 2 0 3 cathodes 
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Heater Power (W) 




Submillimeter Wavelength Backward-Wave Oscillator 
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Submillimeter Backward-Wave Oscillator 


. POWER OUTPUT 21 mW AT 270 OH* 

CONTINUOUSLY TUNAMUE PROM 117 TO »11 QHi 
. REDESIGNED ELECTRON GUN FOR CW OPERATION 

. SAPPHIRE LENS FOR QUASI OPTICAL OUTPUT COUPLER 
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Theoretical Studies of Cathode Surfaces 
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Computer Sciences 

The overall goal of the Computer Science Research Program is to foster the 
advancement of computing technology targeted at aerospace applications. This goal is 
being realized through a program of basic research and experimentation that focuses 
on developing core skills within the Agency in disciplines critical to NASA and on 
maintaining a strong university base of fundamental research in aerospace computer 
science. 

The research program is improving the state of knowledge of fundamental aerospace 
computing principles. Computing technology in crucial space applications, such as 
software engineering for very reliable systems and information extraction from data 
collected by scientific instruments in space, is also being improved. 

The program includes the development of special algorithms and techniques to exploit 
the computing power provided by high performance parallel processors and special 
purpose architectures. Problem areas of importance include computational fluid 
dynamics, computational chemistry, structural analysis, signal processing, and 
image processing. The computer architectures of interest include common and local 
memory multiprocessors, single-instruction stream/multiple data stream processors, 
static data flow processors, systolic arrays, and heterogeneous multiprocessors with 
custom processors. Research is conducted in programming languages and 
environments, parallel and distributed operating systems, and performance 
measurements. 

Research is also being conducted in the fundamentals of data base logic. This work 
has resulted in the development of a common user interface for accessing data from 
several data bases even when the data bases being accessed have very different 
structures. This work provides the foundation that will enable NASA space data users 
access to multiple data bases independent of the physical distribution or structure of 
the data bases. This work will reduce the cost of such investigations and enable data 
base intensive scientific research that would otherwise be unaffordable. Other work is 
under way to develop and test an expert system that can serve as an assistant to 
researchers analyzing space-derived data. 

Research is being conducted to improve techniques for producing reliable computing 
systems. That work is directed at both reducing the number of faults in software and 
making systems that are tolerant to faults. New approaches and methods for software 
management and engineering have been devised and are now being evaluated under 
real working conditions. In addition, emphasis is being placed on the automatic reuse 
of software to lower software production costs. Future objectives in a new software 
engineering initiative will include research on the theoretical foundation and 
extending and evaluating approaches for developing reliable complex software. 

The Computer Sciences Program is coordinated with the Space Station's Software 
Support Environment (SSE) and the DoD-sponsored Software Engineering Institute 
(SEI) and ADA. NASA also participates with DoD and other national bodies on several 
advisory and technical coordination committees. 


Program Manager: Paul H. Smith, (202)453-2753 

Paul Hunter, (202)453-2704 
NASAyOAET/RC 

Washington, DC 20546 57 
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Discrete Speech Recognition Frequency Distribution 
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frequency if the digits were randomly 
distributed in accord with the assumptions 
of the basic SDM model. The means are 
separated by 11 standard deviations. 
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discovered several flaws in the original informal proof of 
the algorithm, even through the published data were 
unusually precise and detailed. The theorem was modified 
and successfully verified. 
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Mapping Unstructured Grids to Hypercubes 
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Map Irregular Problem to Regular Interconnection Topology 
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The present status ofthis project is as follows: (l)Wehave scalar execution time prediction met] 

developed a machine performance model consisting of 1 13 

parameters which have been measured on a large set of Technical Contact 

machines ranging from supercomputers to high-perfor- Alan J. Smith, ARC, (415) 642-5290 

mance workstations. (2) A large set of applications have 
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puting (RISC) chips. Removal of these bottlenecks will 
result in implementations of implicit CFD codes being 
implemented with sustained high performance and good 
scalability. 



Comparison of ARC2D Performance 
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MFL0PS based on measurements using the Cray hardware performance monitor (hpm) 
Efficiency (%)= (( MFLOPS on one processor )/N x ( MFL0PS on N processors ))• 100. 
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The Cortex Transform 
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Software Management Environment 
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During the next year, the SME will be prepared for release 
to other organizations outside of Flight Dynamics. This 



Management of Complex Software Projects 



71 















c 

o 

CO 

o 

CL 

X 

LU 

CO 



& 

d 

GO 

+-> 

ca 

O) 

a 

>» 


o £ 


a a 


a 
o 
‘<5 
cd 
u 
o 

a 
•d x 

a s 

i 

GO 

d 
o 

a 

o 
d 
o 
-*-> 

d 
cd 

ho 
d 


a 

*c 

a 


GO 

a> 

T3 

ho 

d 


( <8 


2 1> 

1 e 

2 

& 2 
d a> 

1=! 3 

cd +3 
_ co 
CO .2 

>> 3 -3 
m >>•£ 
GO 

a> 

GO 


GO 

d 

o 

♦ f-* 

CO 

CO 


CO 

>> 

GO 


>* 

"3 

> 

•43 

<j 

I «S 

<D 

CO 

o 

a 

@ 


tJ eg 

as 

& 0) 

2 £ « 
o ^ 

^ ^ cd 
>> °3 ^3 


X 

0) 

<D 

Jd 

+-> 

■a 

d 

o 

X 


d 

u 


_ t a 

3 a - ? 


5 ■$£ 

mi 


o 

JU 

H 

* f* 
+-> 

3 

a 


Jh 

-0> 

c^-i 

GO 

3 


«3 c * 

t g a- s 
5 a P g 
5 |-3 

co t; 

■S 0,2 

« H fl 

.» ±* a •- 

a | ^-5 

5 -2 a £ <2 

J§*§ I a 

^g-s 

3 C d) 

d s ^ 

.2 § * 

-2 o>!3 

T3 _ 

1! 

o-S 

O rG 


3 


X 

a ® 

g <u 

3 ,d 

ho 
d 
■0 
d 


® 8 

3 2 

a -5 

d* 

o G) 

®2 s a 

> 3 -S r 
d ® A® o 
q d o) d <h 


a> 

d 

• r- 1 

Jm 

o 

cd 


CD 

s 

3 

CO 

00 

rH 

QO 

0. 
a g 

3 s 

o « 

° w 
73 S 

O '"3 

c S 

J3 « 

CJ CO 

2 3 
H 73 


o 

E 

O 



72 


acquisition and interpretation, decision making, and in- Jerry E. Solomon, JPL, (818) 354-2722 

strument reconfiguration. 
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GrCS experiment provides a realistic baseline for investi- 
gating the failure behavior of avionics software. Employ- 
ing the DO-178A guidelines will yield error data from real- 
time software developed according to industry standards, 
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Method Assessment 
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Controls and Guidance - Aeronautics 


The overall objective of the Aeronautics Controls and Guidance Program is to provide 
a validated technology base leading to the development and exploitation of new 
concepts, analysis/design methodologies, and flight systems for future civil and 
military aircraft. This technology base will provide increased efficiency, effectiveness, 
reliability, and safety for new aircraft. The program is organized in broadly 
applicable, generic elements and in more focused vehicle-specific elements. The 
generic elements are Control Theory, Guidance Technology, and Flight Crucial 
Systems. Vehicle-specific elements are Generic Hypersonics, Subsonic Transport/ 
Commuter/General Aviation, Rotorcraft, and Fighter/Attack. 

Research in the Control Theory element is directed toward the development of 
improved flight control analysis/design methodologies for highly integrated, robust 
flight control systems. These methodologies will account for strongly coupled, 
nonlinear plant dynamics. In order to develop an understanding of the dynamics of 
new vehicles, such as VSTOL and High Alpha research vehicles, system and 
parameter identification methods are being developed. New control approaches and 
concepts are exploiting emerging technologies such as artificial intelligence. 
Research in the Guidance Technology element involves the development of satellite 
precision navigation concepts and advanced technologies for wind shear detection and 
avoidance. Flight Crucial Systems research is directed toward the development of 
design, assessment, and validation methodologies for flight crucial systems. 
Increasing emphasis will be placed on developing engineering tools that support cost- 
effective certification of future fly-by -light systems in flight crucial applications. 

Generic Hypersonics research is focused on development of multidisciplinary 
modeling meth-ods, integrated aero/propulsion controls, handling qualities criteria, 
trajectory optimization for hypersonic vehicles, and instrumentation for both flight 
and ground testing. In the Subsonic Transport element, activities are directed toward 
technologies that will provide more efficient civil transport operations in the future 
National Airspace System. The development of efficient 4-D guidance/control systems 
leading to enhanced efficiency and capacity in the terminal area is a major thrust in 
this element. Technology developments in automated mission management and goal- 
directed flight path management leading to automated nap-of-the-earth flight 
capability are areas of emphasis in the Rotorcraft element. Research in the 
Fighter/Attack element is focused on advanced guidance and control concepts for 
future superagile aircraft, development of automated flight test techniques, and 
development of multidisciplinary design methodologies for highly interactive dynamic 
systems. 

The Aeronautical Controls and Guidance Program involves analytical and 
experimental research performed by in-house, university, and industry personnel. 
Extensive use of ground-based simulation is a characteristic of the program, with 
selected flight experiments being conducted in a variety of aircraft. More emphasis is 
being placed on carrying the most promising concepts into flight evaluation and 
validation programs. 

Program Manager: Ray V. Hood 

NASA/OAET/RC 
Washington, DC 20546 
(202)453-2745 
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Air Traffic Simulation 
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Pseudo-Pilot Display TSRV Simulator 
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In support of the flight evaluation two simulations have 
been scheduled on the NASA-Ames Vertical Motion Simu- 
lator. The first was initiated in June 1990 and will be a 
detailed operational evaluation of the algorithm using a 



Computer-Aided Low Altitude Helicopter Flight 
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It has been experimentally shown that the VF algorithm, 
like most other algorithms, has its own advantages and 
shortcomings. Our goal is to incorporate ideas and meth- 
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Simulator Evaluation of the Final Approach Spacing Tool 
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Increase of AJS Aircraft/Hour Using Integrated ATC Automation Aids 
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Terminal Approach Operations for GPS 
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Automated Flight Test Management System 



On-line simulation 
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designed primarily using the nonlinear simulation. High 
AOA flight control concepts were checked using linear 
analysis, but the nonlinearities of high AOA require a 
nonlinear simulation. Hardware-in-the-loop and airplane- 



X-29 High Angle-of-Attack Controls 
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by the airline pilots, who achieved an arrival time accuracy 
of 2.9 seconds standard deviation time error. Incompat- 
ibility between airborne and ATC-generated speed sched- 



4D Trajectory Generation Techniques 




Separation Conflict Induced by Incompatible Speed Schedules 
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Evaluation of Candidate Wind Shear Detection and Clutter Suppression Algorithm 
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Evaluation of Candidate Wind Shear Detection and Clutter 

Suppression Algorithm 
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Flutter Suppression for Active Flexible Wing 
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is particularly important to high speed combustion diag- 
nostics where it is necessary to “freeze” the flow in order to 
study the turbulent fluctuations. These techniques will be 
demonstrated this coming year in test cell 2. 



Laser Induced Fluorescence Diagnostics 
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directional control derivatives are acceptable for concep- 
tual design purposes; however, predictions at supersonic 
Mach numbers for change in yawing moment due to 
aileron deflection and the change in rolling moment due to 
rudder deflection are not acceptable. Including shielding 



Prediction of Forces and Moments for Flight Vehicle Control Effectors 




a a. 
> *- 
x <5 


8 5 

(/) o 


C/J 



a. 1: 

E = 

° c 
O E 

o 

< • 


or,- 

ll 
■ £: 
>■- G 

£ TJ 

o 

»- c/) 
3 0 ) 

U X 3 

< O 


(0 O 

a> 

> « 


D ui 
if) T 3 


^ O (/> 

O <d ~ c 

C/) T3 E £ 

588 | 

l-agE 

■Q c — _ 

CO c -*-? X5 

0) S5~ £ 
5 ■“ 3 r ^ to 

■2 EF; &.S 

o « 2 

jj. UJ § o 5 


>* 

o 

CO Cf) 

k_ QJ 

3 T 3 
O O 

O o 

r cfi O 

u V) m 

CO <D rj) 

g <n X 


o o 

O w CD 

§.E 2 

mO’o 

CL C CD 
3 **" > 
</) O CO 

o c 5 

F 9 w 
° 2 ? 2 
!fl H) P 

JQ CL CJ 

3 >>.E 

co x > 


c o 

CD 

E 


CO H— 


-Ji X 


ORIC’NAL PA Of 

BLACK AND WHITE PHOTOGRAPH 


107 


nets ok magnitude poor 




Controls and Guidance - Space 


The Space Controls and Guidance Research and Technology Program is directed 
toward improving the next generation of space transportation systems: the 

President's Lunar/Mars Initiative, large future spacecraft, space systems such as the 
Space Station, large com-unication antennas, and high-precision segmented reflector 
telescopes and interferometers. The new generation of transportation vehicles is 
being challenged with demanding requirements to provide an order of magnitude 
reduction in cost as well as an increase in capability; the Lunar/Mars Initiative will 
require reliable avionics systems; and future orbital facilities will have demanding 
control requirements for pointing and stabilization, momentum management, build- 
up and growth accommodation, and disturbance management. 

To address advanced launch requirements, research and technology for adaptive 
guidance is being pursued. A forward-looking laser, detecting wind velocity in 
advance of the vehicle, provides the data for calculating, on board, the desired load 
alleviation trajectory. This technology has the capability to provide large reductions in 
operations support in the planning and generation of the mission software and 
mission control. In support of the Lunar/Mars initative, the Advanced Information 
Processing System ( AIPS ) forms the basis for our research and technology program 
into highly reliable fault tolerant distributed control systems. AIPS, along with long - 
lived, reliable avionic system components, will greatly assist our ability to realize the 
President’s Initiative. For complex space systems, computational controls are being 
developed to provide cost-effective, high-speed, high-fidelity control system simulation 
and analysis and synthesis tools. The thrust of this work will be to develop methods 
and software to enable a 4 orders-of-magnitude improvement in analysis and real- 
time hardware-in-the-loop simulation for control design certification. To address 
future orbital facilities requirements, an advanced technology program is under way 
in system identification, distributed control, and advanced sensors and actuators. A 
new area is under way utilizing advances being made in microsensors and motors for 
acceleration and rate gyros; this produces highly reliable systems based on high 
multiples of hardware redundancy. 

Program Manager: John D. DiBattista 

NASA/OAET/RC 
Washington, DC 20546 
(202)453-2743 
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Adaptive Control Subsystem Development 
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Research and development for FY 1991 includes the fur- 
ther advancement of the state of the art for adaptive 
control of non-collocated spacecraft. Theoretical work 
covering concept development, algorithm design, and 
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imaging instrument data, such as imaging spectrometers, 
and demonstrations of the functional capabilities of the 
candidate system. 



Advanced Image Processor 
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ADVANCED IMAGE PROCESSOR 
(REAL TIME MINERALOGIC DECOMPOSITION) 
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information rather than everything in sight and thereby 
greatly reducing the volume of information that must be 
transmitted by the spacecraft and subsequently processed 
on the ground. 



Autonomous Star and Feature Tracking 
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Fiber Optic Rotation Sensor (FORS) 
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18 Centimeters 


SHAPES (Spatial, High Accuracy, Position Encoding Sensor) 
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integration and test of the range and angular measurement 
functions. The figure shows the angular position camera 
with a custom, wide-angle, 14 mm F/14 lens mounted with 
the ranging remote optical head. The return optical pulses 
are transmitted to the streak tube camera by optical fibers. 



SHAPES: Spatial, High-Accuracy, Position Encoding Sensor 
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Completed Multi-Processor Data 
Acquisition and Experiment Control System 

Integrated Range and Angular Measurements 



Coherent Launchsite Atmospheric Wind Sounder (CLAWS) Feasibility/Benefit Study 
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System (ALS) and NASA bridging programs. Several 
launch vehicle contractors have begun examining the use 
of ground-based and/or on-board sensors under internal 
research funds. A two-phase hardware demonstration 



On-Board Lidar Wind Sensor Range 
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First Active Control Test on Mini-Mast 
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of the manual control system and of switching transients moved to the Visual Motion Simulator during late s 

during manual takeovers from the autoland system. In 1990. 

addition, vehicle performance concerns, such as landing 

speeds, touchdown sink rates, crosswind capability, and Technical Contact 

required runway lengths are being studied. E. Bruce Jackson, LaRC, (804) 864-4013 



PLS Approach and Landing Simulation Study 
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capable of tracking the target from as far away as 150 feet, 
in the presence of ambient light and spurious reflections 
from the multilayer insulation. A docking success rate of 
virtually 100% was obtained, using docking latches requir- 



Charged-Couple Device (CCD) Based Sensor 
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Data Systems 


The Data Systems Program consists of research and technology devoted to controlling, 
processing, storing, manipulating, and analyzing space-derived data. The objectives 
of the program are to provide the technology advancements needed to enable 
affordable utilization of space-derived data, to increase substantially the capability for 
future missions of on-board processing and recording and to provide high-speed, 
high-volume computational systems that are anticipated for missions such as the 
evolutionary Space Station and Earth Observing System. 

The Data Systems Program supports fundamental research in such areas as laser 
diodes, supports work to select and provide the appropriate on-board processor 
technology for future NASA missions, and also supports the development of two flight 
processors with special architectures. The ongoing support for solid-state laser 
research leads directly to the development of a nine laser diode array that is used in 
the Optical Disk Recorder. Some laser research efforts are focusing on Space Station 
data handling applications. These devices are being developed to handle both the 300 
Mbit/sec basic data rate and the much higher rates needed to support networking and 
computer internal communications. Complementary research is being supported to 
characterize the fundamental performance and properties of various alternative 
networking. 

NASA missions require processors that will work very reliably in the space 
environment. Computer systems for missions in polar orbit and some planetary 
missions must operate reliably in high radiation environments. The Data Systems 
Program capitalizes on the dramatic advances in electronics, computer systems, and 
software that are occurring in both the public and private sectors. It fosters and leads 
the development of technologies required to meet NASA's unique data systems needs. 
NASA technical expertise is being applied in cooperative arrangements with DoD, 
and products from the DoD VHSIC program and other DoD developments are being 
assembled into processors for testing and evaluation. 

The Advanced Digital Synthetic Aperture Radar (SAR) Processor includes a special 
architecture and algorithms to process SAR data. The unit will have a compute rate of 
6000 megaflops per second. The Massively Parallel Processor (MPP) is being used for 
ground processing of space image data, SAR data, and spectral analysis. The MPP 
utilizes 16,384 processors. The research applications developed on the MPP have 
verified the expected tremendous computational power of the MPP for the target 
applications. Researchers outside of NASA in several universities, research centers, 
and industry have been given access to the MPP to gain an understanding of its 
capabilities, and they have applied these unique resources to a broad range of 
computational problems. 

Future objectives through the Civil Space Technology Initiative in High Rate/High 
Capacity Data include data system architectural studies for new space initiatives, 
significant advances in technologies and capabilities for on-board image processing, 
data compression, high-volume block access storage, data networks, spectrometry, 
and adaptive sensor control. 


Program Manager: 


Paul Hunter 
NASA/OAET/RC 
Washington, DC 20546 
(202)453-2704 
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The SPAM (Spectral Analysis Manager) software was 
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Several programs were implemented on the Science Infor- 
mation Systems Center (SISC) VAXCluster and with an 
IVAS image display system to effect interactive editing of 



Comprehensive Vision System 
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and to support the evaluation of on-board processing 
functions. Support is building within NASA and the DoD 
to use the CHRPS testbed as a technology demonstration 
resource. 
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Gallium Arsenide (GaAs) Pipeline Processor 
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DIGITIZATION RATE: 1500 MILLION SAMPLES PER SEC. AT 8 BITS PER SAMPLE 
STORAGE PERIOD: INCREMENTS OF 1.4 MICRO-SEC. 

POWER: LESS THAN 15 WATTS 
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In FY 1991, we will contract with AT&T Bell Laboratories 
to define the approach, schedule, and cost to produce a rad- 
hard version of the MCNC chip. 
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FY 92 Enable accelerated development time tables for prototype EOS instruments 

Utilization . Collaborate with two Earth scientists developing prototype imaging sensors 

• Demonstrate high speed processor systems performing realtime data processing 
in their aircraft onboard data systems. 
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Completed in FY 1990 was a Very Large Scale Integration 
(VLSI) logic design of a multiuser source coder and 
decompressor chip set at the University of Idaho. The 
source coder is adaptive to source statistics and can oper- 



Source Encoding 
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Data Storage for Spacecraft 
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Furthermore, the Very Large Scale Integration (VLSI) 
implementation will result in reducing the chip count by a 
factor of five and the system power by a factor of three. 
Another significant benefit of lossless data compression is 
more effective ground transmission. 



CHIP Functional Block Diagram 



HIRIS Command and Data Subsystem 
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craft operation is now possible. The MAX architecture 

leverages these new device capabilities into a unique Technical Contact 
system-oriented approach based on hardware resource Blair Lewis, JPL, (818) 354-0912 

pooling. This approach maximizes the utility of available 
hardware and software resources in order to minimize 



MAX Architecture 







Evaluation of ATAMM Performance on VHSIC Multiprocessor 
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The ATAMM rules were successfully integrated into the 

Kernel Operating System (KOS), which provides the basic Technical Contact 

communication functions for the ADM, and the analyzer Paul J. Hayes, LaRC, (804) 864-1491 

playback software was completed. The implementation 
included the intermixing of processor self-testing with 



VHSIC Multiprocessor Flight Brassboard 



ORIGIN A ', PAGE :S 
OF PO'- ^ QUALITY 


ORIGINAL PAGb 

BLACK AND WHITE PHOTOGRAPH 


151 


c 

<D 

E 

O. 

O 

0) 

> 

0) 

Q 


£ 1 1 § -a 
S*|3 jb § 

** •■s 

■S 1.3.3 « 

3 S3 § g 

^ s S 

** §•&« -8 
a) ^3 L *. 

•c S § 'd £ 
a>“£o> — 
u r* £ *» TJ 
JO W 00 Q> 

&i 

,rH c o- r o *§ 

n "O 

I 

Ilf 

ill! 

1 3 ® « 

I p T3 x 

^ fc< ,*a 

S “S-s 

a* 5 js s 

3 j? fa « 5 

cd OQ ^ cd 

.S'SU-31 

a 'g a e g 

3 S 8 s o 

o 4S (H ^ « 




cd <D 


<D 


C 

o 

o 

QC 

Q 

O 

CO 



fg^ 

sii 

QG ^ H 

O 0) 

<i|1 

$£ g 

gO cd 
■n’a a 

■§3^ 
S'-g g 

J3 ft fc 
H O to 


,0 <u 

tix 

i 

•5 C 

Is 

If 

m 3 
g 3 



' u 
$ o 

1"S 

.§ s 

« no 

'o a 

§ 8 

p a) 

5 co 
c0 *L 

1 

6 


4l 

8 B 


$ i ?. 


CQ 


0 

o 

p 

fl ' 
5 

CO 

>> 

CO 


ta 


CO 

^2 *5? fd 

a -g 0 :s 

fU W H Q 
Cl bC H <Tj 
hr <d O 



152 


During the past year, breadboard controller development 
has continued. The preliminary design was completed and 



SODR Controller Development 
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SODR Program Accomplishments 
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Human Factors - Aeronautics 


The objectives of the Aeronautics Human Factors Research and Technology Program 
are to provide the technology base and capability to design effective crew-cockpit 
systems and to advance solutions to human factors problems affecting air transport 
and rotorcraft safety and effectiveness. 

In the past 5 years, major steps in cockpit automation have occurred with the 
introduction of more flexible electronic displays and a variety of automated flight 
system management devices. They enable third-generation jet aircraft (i.e., B757/767, 
MD-80/90, and B747-400) to have fully automatic routine flight from takeoff to rollout, 
regardless of weather, and with reduced inflight workload. Higher levels of 
automation have been associated with certain problems as well as benefits. The air 
traffic management system has not kept pace to permit full use of these capabilities. 
Changes in ATC instructions on the flight crew's tasks, especially during descent or 
in terminal areas, result in very high workloads and, under some conditions, may 
divert the crew from monitoring and managing the aircraft’s progress and safety. 

Major steps in cockpit automation have occurred with the introduction of more 
flexible electronic displays and a variety of automated flight system management 
devices. A major focus of human factors research has been directed toward new 
human-centered interfaces and displays that provide increased margins of safety 
while taking into account the potential value of computer-based and automated 
system technology. The multiyear program of research, beginning in FY 1989, is 
focused on new display technology for use by cockpit crews, human-centered 
automation, and better use of information processing and management systems 
within the cockpit and between flight decks and air traffic control stations. 

For the past year, NASA researchers at Ames Research Center and Langley 
Research Center, together with their cooperating universities and contractors, have 
developed large display devices and presentation methods for restricted visibility 
cockpits. Other research in computational vision and three-dimensional auditory 
methods have allowed an expansion of human capabilities to deal with increasingly 
complex information systems. 

NASA researchers, with their academic counterparts, have identified effective 
methods to reduce fatigue during long, Pacific-rim flights. As a result of these field 
studies, the value of preplanned, in-seat rest has been identified and quantified. 

In the area of helicopter research, NASA has identified major advantages of low level 
displays for nap-of-the-earth flight. Certain display characteristics can enable the 
pilot, under heavy workload conditions, to guide the rotorcraft through obstacles 
under both day and reduced-visibility conditions. 

Progress continues to be made in dealing with the complex problems that exist in in- 
flight diagnostics and datalink methods and in the effects of boredom on cockpit 
crews. 

Program Manager: James P. Jenkins 

NASA/OAET/RC 
Washington, D.C. 20546 

(202)453-2750 157 
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Automated Recovery Recommendation System (RECORS) Concept Designed, 
Implemented, and Evaluated for Aircraft Application 
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A prototype aiding system concept called RECORS has 
been designed and implemented. Among the preliminary 
results of the engineering evaluation was that pilots seem 



Recovery Recommendations for Fault Management 
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only the critical readout changes in both monitored and 
non-monitored readouts. The results at 250 msecs reveal 
differences between EPs due to the number of readouts 
being monitored, regardless of whether the changing (and 



Evoked Potential Monitoring Task 
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Workload Effects on Evoked Potential (EP) Peaks 
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Flight Testing Validated Knowledge-Based Systems Concept for Primary 

Flight Display Information Management 
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and with multiple transitions between the flight phases. Wendell R. Ricks, LaRC, (804) 864-6733 

The flight tests successfully validated the KBS concept for 
PFD information management. Correct presentation of 
information on the PFD during all flight tests validated 



PFD Information Management 
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Primary Flight Display (PFD) 
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Stereo 3-D Displays 



Parallax Induced Depth Perception 
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and stereoscopic displays, revealed no significant differ- 
ences for any of the conditions. The mean values of 
stereoacuity for each condition, averaged over pilots and 
replicates, are shown in Figure 1. The data for each 
individual pilot are shown in Figure 2. Tests for statistical 



Stereoacuity Experiment Results 
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(Averaged Data From 8 Pilots) 



DISPLAY TYPE 

Figure 1 


Control Condition Vs. Transition From Flight Displays 
(Individual Pilot Results) 

DISPLAY TYPE 
□ CONTROL 
■ NON-STEREO 
@ STEREO 

INDICATES SIGNIFICANT 
DIFFERENCE FROM 
CONTROL CONDITION 

t At 1% Significance 
Level 

* At 5% Significance 
Level 

1 2 3 4 5 6 7 8 

PILOT NUMBER 



Figure 2 





23.3 
£ 8 * 

® § g . 

% | S; 
* 5 I 

O-H « ( 
® 0) 00 

•HI' 

fS “• 
§ 

« o. © 

%£Z, 
s| s< 

© 5 a j 

sag 
g.8 « 

•9 3 2 . 

( t3 <D ^ 


tkO 02 *0 A 

•c E <S ■§ « 

111 3 ! 
^ 3 S. S 8 
>>b! « *2 o 

+i M 2 50 8 

2 bo 

lilli 

<9 H 2 «® -a 

on go O 

ctf f g o 
cd O > •£ 

j-h o o .2 
^ CX d ^ c 
® ® .S o. g 

J -0 a i^ 3 

»-a| s>J 

. 2 g a a o 

| S S ! ;S 

I J. .£ T3 3 

‘2-3'sl-s 

Sills 

8 *3 "-§ § 2 

« a e s5 

© .2 2 8 SP 

T3 .tj fl d 

■j 2 2 8 3 
5 to a -o 4-1 

U OJ O d 5P 
O. T3 T3 4) 3 


a § S'Stj 

§■2 « o a 

h U S3 
® H a>13 o 
1 3 1 ® * 

.P * 2 .2 fc 


«n o h 

3 tftafi 
% i - s i ■a 
2* * |& 
| o <S -g -2 

S *g S § g 
g -c g a ° 

* <a ja © t5 

.2 ^ _ be 3 

la s. 0 • 

sa$5-& 

tio 8 © .2P § 
o t® jq a b 


© -g a> 

X g > 

H o 3 


fill 

ra|H 

js;g 

?:g fig 

* i s§ 

■css® 

t§ 

|S1| 

IgJI . 

*S 3 ll 

•5 q* "5 5 J 
*s s .a g * 
8 [g n0 ^ Js 
8 ~ 2 S « 

^ w ® « «) 

22*2 S3 

2 SJS £<o 

fl g-H 2 sa 
0)°^ 9 3 

d d © Jg «> 
•r G3 © co 

3 d g ,_; t> 

P 8 8 5 « 


■2 JS « 
bo o 

•2 a 8 

d 2 ft 
•2 hog 

g| .» 
8.1 « 
° 8.^ 
5 2^ 

W) «- • C 
^ 0) o 


« &.a 

g 

d 'P § 

S § 8 

§1 S 

u o o 
C ^ '55 


fto 
2 a 

O d 
cQ H 

e| 

’C 
© to 

8 ’£ 
jO CD 
^ d 


*t=! 3 
° J§ 

P © 
> *» 
•h o. 

o ® 
■2> d 
■8 8 


<D *M ■ 

;aa>-s | 

<fe a g 6 

«o a ® a 

§ | a a 

a a | ^ 

■ •8 S *§ “ 

'|| & 1 

"tf go *rt 

| g S 3 

ill i 

?| *< 

.a .2 ”p 

s i si 

J sH 

o <3 5? *» 

^ a ® ^ 
jSIS 
ill 8 

llll 

s.a as 


o. a d 

0 j 3 ,H 
"© ** 'O 

1 | & 

5 a 1 

2 -9 T> 

g 

1 Sf 

^ 0> C 


2 o co 

a a g> 

•S ?4 

?I1 

*rt jd 

t! o 
.*2 ‘S3 

sa^ 

P 3 Pm 

ft m 
>■82 | 

3 g 2^ 

O. O O. Oh 


g "3 2 
« a o 

111 
J2 <u 
a> —4 o 

> T? 

1 a « s 
J gS 
2 2 
« 

t « ® 

8,-B 1 

* <n 5? 


c -S3 H 

C8 « 

'B^'d 

SJJ 

GG & 

8 3 1 
15 8 

its 

I § ? 


« fl $ fl 
« 5b a* o 
.£ - a ^ '.o 

*J ® a u 

a £ 1 2 

Ex 2 ® 
« 2 o. ® 

d 2p{ 2 

s s g a 

^|g.a 

i in 


X ® « 

i 

| § a 

> 'B. © 

Q-8^ 
p ^ a 

a> - y 

O G 3 

£ t$ ® 

*tr? (2 co 

>.2*3 8 

J.2§ 
»2 5 

Cl -P 00 


^ ^ o 

a a o 

el 8 
l-sa 
s §•? 
g'S 8 

a §| 

■| a | 

??i 

ni 

1*8 

©30 

leg 

.3 0 0. 


■|S| 

O TJ 

S 2 

<D 


168 


tion and map display can be replaced easily by links to a 
research simulator such as NASA’s Advanced Concepts 
Simulator (ACS). 



DIVERTER - Decision Aiding for Diversions 
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contingency management *A1 processor 

Improves situation awareness • Pilot-vehicle interface 

•Real-time data link 
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(e.g., “high probability of wind shear!” and “abort takeoff”). 
The prototype has 140 rules and is written in Common- 
Lisp on a Symbolics Lisp machine. The study also identi- 
fied issues that will need to be explored such as the 
usefulness and availability of certain inputs, the effects of 



Use of Information Fusion to Improve the Detection 

of Wind Shear Threats 
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FLIGHT CREW 
OBSERVATIONS 




Performance Effects of Alternate Pathways and Stereo 3-D Presentation Determined in a 

Pictorial Display for Transport Landing Approach 
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Pilots' Visual Range-Tracking Task and 
Alternate Pathway Formats 


PILOTS' AIRCRAFT 



VISUAL TASK 

DESIRED 
RANGE - 
MARKER 


LEAD AIRCRAFT 


DESIRED RANGE = 660 FEET 1 RANGE ERROR 



NADC-LIKE "TILE" 
PATHWAY FORMAT 



GOALPOST" PATHWAY 
FORMAT 



Figure 1 


Effect of Pathway Format on Simulated 
Landing Approaches 


Path Performance Errors for 7 Transport Pilots 
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Human Factors - Space 


The major goal of the Space Human Factors Program is to provide the technology that 
will enable safe and productive human performance throughout and after space 
flights and planetary/lunar missions of long duration. Two elements of the program 
are Human Factors and Extravehicular Activity Systems. The Human Factors 
element has three major subgoals: 

Human Performance Models, Data, and Tools allow us to understand human 
activities in the physical, mental, and perceptual domains and to identify important 
lessons learned about human activities from prior space and lunar missions. To this 
end, Johnson Space Center is using a laser-based human body mapping system to 
measure different anthropometric sizes and shapes for incorporation into a large data 
base. This data base is employed, along with a spatial computer image graphics 
system, to analyze human motion under zero-gravity conditions, from the simulated 
human bodysized figure performing a variety of new activities on board Space Station 
Freedom or the Shuttle orbiter. At Ames Research Center, human performance 
models for computer-aided engineering, a program initially developed for 
aeronautical applications, are being modified for space applications. 

Crew Support and Enhancement address the development of technology and its 
applications for the evaluation of the crew's living and working activities in the 
spacecraft, in the planetary/lunar habitat, and on planetary/lunar surfaces. During 
the year, a number of projects were completed. At Johnson Space Center, new 
computer graphics were developed, particularly new graphics methods for portraying 
procedures that reduce human error. Also, advances in information management 
methods for application to Shuttle maintenance operations were developed at Ames 
Research Center. Data from Kennedy Space Center operations are being used as a 
testbed for managing information processing in Shuttle maintenance operations. 

Human-Automation-Robotic Systems determine the means by which humans and 
automated or semi-autonomous systems can effectively work together. A major 
project at Ames Research Center is the development of the Virtual Workstation as a 
user interface device for exploring lunar or planetary surfaces. The effort this year 
has been to obtain a MARS-like data base and begin to employ it in simulated 
missions. At Johnson Space Center, effort was directed toward identifying the best 
location of visual sensors for teleoperations. 

The second rntyor area of technology development is Extravehicular Activity (EVA) 
Systems. In the past year a formal test and evaluation program for the AX-5 and the 
Zero PreBreathe Mark III EVA suits was completed, and results were evaluated by 
an internal NASA panel of experts and astronauts from Ames Research Center and 
Johnson Space Center. Research to develop a voice-actuated control system for 
commanding a data display on EVA suits was completed. Initial concepts for a wrist - 
mounted electronic display for EVA suits were developed at Johnson Space Center. 


Program Manager: James P. Jenkins 

NASA/OAET/RC 
Washington, DC 20546 
(202)453-2750 
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Demonstration of EVA Suit Technology 
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nequin) that can be resized, of pilot anthropometries is 
used to determine pilot head position and pilot point of 
regard in the field of view. Instantaneous field of view 
computations based on these factors will determine which 
volumes in the visual space can be seen and which are 



Computer Graphic Representation of Visual Space 
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Dynamic Anthropometric Modeling 
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Dynamic Anthropometric Modeling 
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Virtual Interactive Environment Workstation 
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Virtual Interface Environments 
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GESTURE, HAND POSITION TRACKING 
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Scheduler for the MIDAS Operator Model 
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2-D and 3-D Topographic Presentation of Viking Data 
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Virtual Workstation for Planetary Terrain Visualization 



Interactive surface visualization 
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EVA Performance Aids 
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Interfaces to intelligent systems is a new HCIL research 
area. The laboratory has made significant progress in its 
initial investigation of many issues particularly relevant 
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ELECTRIC DESIGN OF PROCEDURES PROTOTYPE 
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Another major part of the project has been to develop 
qualitative models for engineered systems to support ef- 
fective user interface. These system models are used to 
support user understanding of the status of the managed 
system, explanations of system behavior, and concrete 



Design for User Control of Intelligent Systems 
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A study was developed to quantify the crew’s performance 
while wearing the LES under both a 1-g and 3-g load. Four 
veteran astronaut pilots, three veteran mission specialists, 



Launch/Entry Suit Reach Measurement 
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by the astronaut at each joint The resultant force, 
determined by vector addition, was calculated and plotted 
in two ways. One way was a series of bar graphs shown on 
the screen with the motion, which gave the force predicted 
for each joint, and the resultant force. The other way was 
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Sensor Systems 


The objective of the Sensor Technology Program is to provide necessary expertise and 
technology to advance space remote sensing of terrestrial, planetary, and galactic 
phenomena through the use of electromagnetic and electro-optic properties of gas, 
liquid, and solid-state materials technology. 

The Sensor Technology Program is divided into two subprograms: a base research 
and development part and a Civil Space Technology Initiative (CSTI) part. The base 
research and development consists of research on artificially grown materials such 
as quantum well and superlattice structures with the potential for new and efficient 
means for detecting electromagnetic phenomena. Research is also being done on 
unique materials and concepts for detector components and on devices for measuring 
high-energy phenomena such as UV, x-, and gamma rays that are required 
observables in astrophysical and solar physics missions. 

The CSTI program is more mission driven and is balanced among four major 
research and development disciplines: (1) detector sensors; (2) submillimeter wave 
sensors; (3) lidar/DIAL sensors; and (4) cooler technology. The first discipline plans to 
develop large spatial imaging format arrays in the near (1 — 30 mm wavelength) and 
far (30 - 200 mm wavelength) infrared portions of the electromagnetic (EM) spectrum. 
These goals are crucial to enable spaceborne remote sensing for the various 
terrestrial, planetary, and astrophysical missions. The submillimeter discipline is 
dedicated to developing the technology to enable heterodyne receiver instruments for 
remote sensing in the 300 to 3000 GHz frequency regions of the EM spectrum with a 
focus on developing local oscillators, frequency mixers, and quasi-optical technology 
in this region. Backward wave oscillators, lasers, and quantum well devices may also 
have potential as oscillators. In the third area, DIAL/lidar (DIAL stands for 
Differential Absorption Lidar, and lidar means light detection and ranging) consists 
of research on techniques for enabling active remote sensing in which a coherent 
source such as a laser is used to probe the environment. Research is concentrated on 
technology for obtaining tunable, frequency stable, and pure space qualifiable lasers. 
Finally, in the last discipline, research is focusing on technology to enable cryogenic 
coolers in the Kelvin to sub-Kelvin temperature regions in support of efforts in the 
detector and submillimeter wave sensor thrusts. Work includes research on various 
cooler concepts such as the pulse tube, adiabatic. Helium 3, and zero-gravity 
refrigerators and their corresponding component development. 

Program Manager: Ramon P. De Paula 

NASA/OAET/RC 
Washington, DC 20546 
(202)453-2748 
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Improved Low-Temperature Readouts for Astronomical IR Detector Arrays 
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Improved Low-Temperature Readout Electronics for IR Detector Arrays 
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Sub-Kelvin Cooler Technology 
3 He Cooler 
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Advanced Cryogenic Refrigerator for Space 
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Cryogenic Refrigerator for Space 
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this single, widely tunable laser transmitter could be used 

to measure meteorological parameters such as pressure, Technical Contact 

temperature, and water vapor in the near infrared as well Bernard D. Seery, GSFC, (301) 286-8942 

as aerosols and pollutants in the mid- infrared. The 
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Superconducting Magnetic Bearings 
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Recently a contract was prepared for Cornell University to 
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SUPERCONDUCTING CYLINDER 
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peak at 0.792 pm and lifetime of 480 (is. From this 
information, it is immediately evident that optimization of 
the performance of these materials will require pumping 
each with diodes operating at different wavelengths and 
with different pulsewidths. 
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HgZnTe Materials and Device Technology 
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Near-term plans are to complete characterization of the 
current linear array, deliver an array to JPL and LaRC for 
additional testing, and initiate development of far-IR 
HgZnTe diodes. The technology being developed on this 
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wave (> 20 um', arrays demonstrated 
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vannah River Company is directed toward obtaining first- 
time field test data on the superconducting ground strap 
described above. The program is designed to provide 
preliminary real-time data on the suitability of using the 
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temperature thulium and holmium codoped yttrium alu- 
minum garnet (Tm:Ho:YAG) laser pumped with a chro- 
mium doped gadolinium scandium aluminum garnet 
(Cr:GSAG) laser-simulating diode laser pumping. The 
rate constants necessary to characterize the Tm-to-Tm 
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Titanium: Sapphire Development for LIDAR 
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for studying climate, the hydrological cycle, and meteoro- 
logical processes, and temperature distribution provides 
invaluable science on tropopause heights and meteorologi- 
cal conditions. In addition, such sources are valuable 



Titanium: Sapphire Laser Products 
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